Analysis of endogenous X-tropic BALB/c retrovirus-specific RNAs in a BALB/c mouse tissue containing mostly non-dividing cells (liver), in two normal tissues having significant proportions of dividing cells (zo-h regenerating liver and 12-day embryo) and in cells of a lymphosarcoma of BALB/c mice were carried out by determining the extent to which the RNAs from these tissues hybridized to the virus 3H-cDNA probe and by their relative sedimentation values in a sucrose gradient. RNAs from 20-h regenerating liver, 12-day embryo and lymphosarcoma, each containing a significant proportion of proliferating cells, showed 8 to 2i % higher hybridization values than normal liver RNA. Differences in the exact size classes of virus-specific RNAs and, in their relative proportions were found to exist in the four different tissue types examined and no correlation between a specific RNA size-profile and the proliferating activity of a tissue could be detected.
The genome of BALB/c mice contains the genetic information for at least three biologically distinguishable endogenous retroviruses, N-, X-and B-tropic (Peters et al. i972; Aaronson & Stephenson, 1973; Benveniste et al. I974) . Although the biological significance of the presence of endogenous retrovirus genomes in uninfected BALB/c cells still remains unclear, a relatively high level of transcription of virus-specific RNA in uninfected cells in vitro and in vivo has been detected (Benveniste et al. 1973; Fan & Besmer, ~975; Mukherjee & Mobry, 1975; . Tissues containing significant proportions of proliferating cells (e.g. uterus, embryo, regenerating liver, intestine, spleen) were also found to transcribe a higher proportion of the endogenous retrovirus genomic sequences than tissues containing mostly non-proliferating cells (e.g. liver, kidney; Mukherjee & Mobry, I975; Vincent et al. 1976) . Furthermore, the BALB/c mouse tissues which we examined were found to transcribe a common set of sequences at the homologous regions of the N-and X-tropic endogenous virus genomes, in addition to other sequences of the same region that were specific for individual tissues (Mukherjee & Mobry, 1979) . In order to further investigate the transscription of endogenous retrovirus genomes in BALB/c mouse tissues, we analysed the relative size classes of X-tropic virus-specific RNA in a tissue containing mostly nondividing cells (liver) and in three tissues containing significant proportions of proliferating cells (1z-day embryo, 2o-h regenerating liver and a lymphosarcoma of BALB/c mice).
BALB/c mice were obtained from Jackson Laboratory (Bar Harbor, Maine, U.S.A.) Ten to twelve-week old mice were used to obtain liver tissue, 2o-h regenerating liver and l z-day embryos. The methods for collecting regenerating liver and embryos have been described (Mukherjee & Mobry, 1975; Vincent et al. 1976 ). The 2o-h regenerating liver tissue was chosen because our previous study showed that proliferating activity of liver cells reached its maximum at about 2o to 24-h post-hepatectomy (Vincent et al. 1976) . BALB/c lymphosarcoma is a stilboestrol-induced, 5-fluoro-uracil-responsive and prednisoloneresistant turnout obtained from the Mason Research Institute, Animal and Human Tumor oo22-1317/8o/oooo-3854 $o2.ooo@ 198o SGM Short communications Bank (Worcester, Mass., U.S.A.). A spontaneously transformed variant of BALB/3T3 clone A31, producing high titres of endogenous N-tropic retrovirus (S~C13), was used for obtaining purified N-tropic viruses and for N-tropic virus producer cells. A dog thymus cell line (Fcf 2Th) infected with bromodeoxyuridine-induced X-tropic virus from a BALB/3T3-derived cell line was the source for endogenous X-tropic virus and X-tropic virus producer cells. Both BALB/c N-and X-tropic endogenous viruses were purified from culture media by isopycnic banding on sucrose gradient (Ross et al. t972) .
Whole cell RNA was extracted from tissues by the guanidine-hydrochloride method described by Harding et al. (1977) . The sedimentation profile of whole cell RNA extracted by this method showed the presence of intact zSS and 18S ribosomal RNAs (Fig. I d) and the RNA isolated by this procedure contained no detectable DNA as assayed by the diphenylamine reaction (results not shown).
Fractionation of total cellular RNA was carried out as follows: 3oo to 4oo #g of total cellular RNA was dissolved in a buffer containing o.ol M-EDTA, o.oJ M-tris-HCl (pH 7"4), and o-2 % SDS, heated for 2 rain at 65 °C to dissociate RNA aggregates, quickly cooled to room temperature and loaded on to a 13 ml I5 to 3o % isokinetic sucrose gradient (w/w, prepared by an LKB I l 3oo Ultragrad Gradient Mixer) containing o'o5 M-NaC1, o.ol M-tris (pH 7"4), o.ol M-EDTA and o.2% SDS. The gradient was centrifuged at l lOOOOg for 16 h at 23 °C and then fractionated (approx. 4oo/~1 each fraction) by puncturing through the bottom. Each fraction was diluted l :2 with distilled water and the absorbance at 260 nm was monitored by a Gilford spectrophotometer. Sedimentation values for virus-specific RNAs were calculated from 3H-labelled 28S, 18S and 4S RNA markers (obtained from Bethesda Research Lab., Rockville, Md., U.S.A.) sedimented in parallel gradients.
Synthesis of ~H-labelled DNA complementary to X-tropic virus RNA was carried out by an endogenous reverse transcriptase reaction described in our previous communication (Mukherjee & Mobry, 1979) . The 3H-cDNA product was 98% single stranded, had a specific activity of 1.8 x l o 7 ct/min/#g and protected at least 7o % of its homologous 3~p_ labelled 7oS virus RNA from $1 digestion at a cDNA to vRNA ratio of I "4. Hybridizations with higher ratios of cDNA to vRNA could not be tested because of limitations on the amount of cDNA product available.
Assay of sucrose gradient fractions for virus-specific RNA was carried out by hybridization of RNA to X-tropic virus-specific 3H-cDNA. Each fraction was adjusted to o-I M-NaCI and 5o/~g/ml carrier RNA (yeast tRNA) was added before precipitating the RNA with 2 vol. of ethanol. Precipitated RNA was reconstituted in 35 #1 of water and 35/~1 of hybridization reaction mixture was then added to give a final concentration of o.6 M-NaC1, o.o2 Mtris (pH 7"4), o.oo~ M-EDTA, o'o5 % SDS and 5oo to Iooo ct/min of X-tropic 8H-cDNA probe. About 5o #1 of paraffin oil was placed on top of each reaction and they were incubated at 65 °C for 71 h and then digested with $1 nuclease. RNA-DNA hybrids were precipitated with I o % TCA and harvested. Procedures for hybridization of virus 3H-cDNA to total cell RNA and to virus RNA, and for determination of Rot values have been described previously (Mukherjee & M obry, 1979) . Approximately t'5 to 2.o ng of virus 3H-cDNA was hybridized to either o'o5 mg of virus RNA or 8 mg of total cellular RNA.
The results presented in Table I show that whole cell RNAs extracted from normal liver, zo-h regenerating Iiver, i z-day embryo and lymphosarcoma hybridized the X-tropic 3H-cDNA probe to 39"o%, 47"o%, 55"5% and 6o-o%, respectively. Although the values for the liver and embryo RNAs were 8 to 9 % higher than the values obtained from our previous study (Mukherjee & Mobry, T979) , RNAs from all three tissues containing significant proportions of dividing cells showed 8 to a ~ ~o higher hybridization values than normal liver RNA. The higher hybridization values for liver and embryo RNAs obtained in the present experiment may reflect the quality of the RNA extracted by the present method. 
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Yeast tRNA hybridized 4 % of the 3H-cDNA probe and all hybridization values presented in Table I were corrected for this background value. Additive hybridizations with viral plus tissue RNAs and mixtures of two tissue RNAs (results not shown) suggested that normal liver, 2o-h regenerating liver, I z-day embryo and lymphosarcoma cells transcribed a common set of sequences on the homologous regions of the N-and X-tropic viral genomes (58 to 6x %), in addition to other sequences of the same region (homologous) that were specific for individual tissues. Analysis of Rot½ values suggested that approx, o-oo3 % of the RNA in lymphosarcoma cells was virus-specific, which was about threefold higher than could be detected in normal liver, regenerating liver and embryo cells.
In a study aimed at determining the transcription of endogenous retrovirus genomes in resting and proliferating BALB/Mo mouse (a BALB/c mouse subtine which carries exogenous Moloney leukaemia virus genome in its germ line) tissues, Jaenisch & Hoffmann (I979) observed no substantial increase in X-tropic virus-specific RNA concentration in normal and regenerating livers. Our present study (Rot½ .alues presented in Table l ) supports this observation. However, Jaenisch & Hoffmann (1979) also did not find any change in the hybridization values for RNA from regenerating livers as compared to RNA from normal liver (more than 6o% hybridization of X-tropic 3H-cDNA was obtained for RNA from both normal and regenerating livers) and this observation was at variance with our previous study (Vincent et al. t976 ) which showed qualitative changes in the transcription of endogenous ecotropic retrovirus genome in BALB/c normal and regenerating livers. This discrepancy was attributed to possible asymmetry of the cDNA probe used in our study. The eDNA probe used in the present study was found to be fairly uniform and representative of the virus genomic sequences, and the hybridization data obtained from this study also support our previous observation. Since normal and regenerating livers of BALB/Mo mice showed full expression of the M-MuLV genome, the apparent discrepancy reported by Jaenisch & Hoffmann 0979) may possibly be due to considerable sequence homology between the genomes of M-MuLV and X-tropic endogenous retrovirus.
Sucrose gradient sedimentation analysis was carried out to determine the size classes of X-tropic virus-specific RNA in each of the four tissues used in this experiment (Fig. l) . Virus-specific RNA was identified by annealing each fraction with virus 3H-cDNA probe. Three major peaks of hybridization were observed with normal liver RNA, indicating virusspecific RNA species with values of 34S, 2oS and T3S; 2oS being the predominant species. In addition, two minor peaks at z7S and 5S were also apparent, although the 5S peak gave a hybridization value of less than 6 % (Fig. I a) . Four species of virus-specific RNA were detected in lymphosarcoma cells, with peaks at 32 to 38S, I8S, 18S and 4S. However, i3 S and 18S RNAs formed a rather heterogeneous group as compared to 2oS and 13 S species of normal liver RNA, and 32 to 38S RNA was also heterogeneous in size and had a peak at 32S. This species of RNA was the predominant size class of virus RNA in this tissue. In addition, a minor peak at z8S was observed (Fig. I b) . The 2o-h regenerating liver RNA showed two major and two minor peaks of hybridization, indicating virus-specific RNA with sedimentation values of 31 to 38S, zIS, tzS and 4S. Another minor peak of4oS was also detected; however, this RNA hybridized less than 4 % of the ZH-cDNA probe. The 21S RNA was the predominant size class of virus RNA in this tissue (Fig. t c) . Two major and three minor peaks of hybridization were observed with RNA from the i z-day embryo, showing virus-specified RNA species with values of 34S, IzS, z4S, I8S, and 4S. The 34 S RNA species was the predominant size class in this tissue (Fig. I d) . The virus-specific 34S RNA detected in normal liver and embryo and the 31 to 38S RNA in lymphosarcoma and zo-h regenerating liver may represent genome-length virus RNA. However, no 6o to 7oS virus-specific RNA, representing the size of the mature virion RNA, was observed in any of the tissues examined. This could result from a block at a post-transcriptional level 
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( Whitaker-Dowling et al. 1979 )-It is conceivable that sub-genome size virus-specific RNAs present in all four tissues represent breakdown products of the genome-length virus-specific RNA (3t to 38S). However, this appears unlikely since identical virus-specific RNA sizeprofiles were obtained repeatedly for each tissue using RNA from different extractions, and intact z8S and 18S ribosomal RNA peaks could be detected in profiles of whole-cell RNA of each tissue (Fig. ~ d) . Smaller than genome-size RNA (z7S), in addition to 38S X-tropic virus-specific RNA, has been detected by Fan & Besmer (J975) in uninfected JLS-V9 cells (derived from bone marrow cells of BALB/c mice). Two sub-genome-size virus-specific RNAs (2IS and I4S), in addition to 36S, were detected by Gielkens et al. (1974) in JLS-V9 cells infected with Rauscher murine leukaemia virus. BALB/3T 3 cells producing Moloney murine leukaemia virus were found to contain a 35S peak, a 2oS peak and a heterogeneous virus-specific RNA species of smaller tool. wt. (Tsuchida & Green, 1974) . It remains important to find out whether the different size classes of virus-specific RNAs observed in the present study are active as messenger RNAs. Fan & Besmer (1975) have reported that only a very small fraction, if any, of the X-tropic virus-specific RNA in uninfected JLS-V9 cells is active as messenger RNA, and they suggested the existence of a possible block in the translation of virus-specific RNAs in these cells.
The results obtained from this study show that differences exist in the exact size classes of X-tropic virus-specific RNAs and in their relative proportions in the four different tissue types examined. Furthermore, no correlation between a particular virus-specific RNA sizeprofile and the proliferating activity of a tissue could be detected.
